We have recently isolated two novel actin ®lament-binding proteins, l-afadin and neurabin-II and shown that they are localized at cell ± cell adherens junction (AJ) in epithelial cells. We found here that l-afadin, neurabin-II, ZO-1, and E-cadherin showed similar and dierent behavior during the formation and destruction of cell ± cell AJ in MDCK cells. In MDCK cells, the accumulation of both l-afadin and E-cadherin, but not that of ZO-1, changed in parallel depending on Rac small G protein activity. Dissociation of MDCK cells by culturing the cells at 2 mM Ca 2+ caused rapid endocytosis of E-cadherin, but not that of l-afadin or ZO-1. Addition of phorbol 12-myristate 13-acetate to these dissociated cells formed a tight junction-like structure where ZO-1 and l-afadin, but not neurabin-II or E-cadherin, accumulated. We furthermore found that, in nonepithelial EL cells, which expressed E-cadherin and attached to each other, l-afadin, neurabin-II, ZO-1 and E-cadherin were all localized at AJ. In cadherin-de®cient L cells, l-afadin was mainly localized at cell ± cell contact sites, but ZO-1 was mainly localized at the tip area of cell processes. Neurabin-II did not accumulate at the plasma membrane area. Neither l-afadin nor neurabin-II signi®cantly interacted with a-, b-catenin, E-cadherin, ZO-1 or occludin.
Introduction
Cell adhesion molecules are associated with the actin cytoskeleton (Geiger and Ginsberg, 1991; Turner and Burridge, 1991; Luna and Hitt, 1992; Tsukita et al., 1992 Tsukita et al., , 1997 Bretscher, 1993) . Many proteins linking cell adhesion molecules to actin ®lament (F-actin) have been identi®ed and characterized at both cell ± cell and cell ± matrix adherens junctions (AJs). In polarized epithelial cells, cell ± cell adhesion is mediated through a junctional complex comprised of zonula occludens (ZO, tight junction), zonula adherens (ZA), and desmosome. ZO and ZA are linked to the actin cytoskeleton whereas desmosome is linked to the intermediate ®lament cytoskeleton. At ZA as well as cell ± cell AJ in nonepithelial cells, cadherin interacts with each other at the extracellular surface and serves as a critical adhesion molecule (Takeichi, 1988 (Takeichi, , 1991 Geiger and Ginsberg, 1991; Tsukita et al., 1992) . b-and g-Catenins interact with the cytoplasmic region of cadherin, and a-catenin interacts with b-catenin (Ozawa et al., 1989; Nagafuchi et al., 1991; Takeichi, 1991; Tsukita et al., 1992; Aberle et al., 1996) . Of these proteins, a-catenin interacts with F-actin (Rimm et al., 1995) . a-Catenin moreover interacts with a-actinin and vinculin, other F-actinbinding proteins (Knudsen et al., 1995; Weiss et al., 1998) . In epithelial cells, cadherin is concentrated at ZA but also distributed along the entire lateral membrane (Nelson et al., 1990) . In this study, therefore, we usè cell ± cell AJ' as cell ± cell adhesion site where cadherin is present, and distinguish`cell ± cell AJ' from`ZA' which is a specialized membrane region observed by electron microscopy. At ZO, multiple integral membrane proteins with four transmembrane regions, the claudin family members and occludin, constitute tight junction strands (Furuse et al., 1993 (Furuse et al., , 1998 AndoAkatsuka et al., 1996) . ZO-1 interacts with both the cytoplasmic region of occludin (Furuse et al., 1994) and F-actin . ZO-1 may also directly or indirectly interact with the claudin family members (Furuse et al., 1998) . In non-epithelial cells, ZO-1 is localized at cadherin-based cell ± cell AJ, such as intercalated disc in cardiac muscle cells (Itoh et al., 1991 , and interacts with both a-catenin and Factin .
We have recently isolated two novel F-actin-binding proteins which are localized at cell ± cell AJ, neurabin Satoh et al., 1998) and afadin . Neurabin has two isoforms: neurabin-I and -II. Neurabin-I is speci®cally expressed in neural tissue whereas neurabin-II is ubiquitously expressed. Both neurabin-I and -II have a similar domain structure, one F-actin-binding domain at the N-terminal region, one PDZ domain at the middle region, a domain known to interact with integral membrane proteins and domains predicted to form coiled-coil structures at the C-terminal region. Both the isoforms bind along the sides of F-actin and show Factin-crosslinking activity Satoh et al., 1998) . Immuno¯uorescence microscopic analysis indicates that neurabin-I and -II are highly concentrated at the synapse in neuron and that neurabin-II is concentrated at cadherin-based cell ± cell AJ in MDCK cells. The subcellular distribution analysis of neurabin-II indicates that it is enriched at the postsynaptic density fraction in rat brain and the AJ-enriched fraction in rat liver. Neurabin-II is the same as a recently reported protein phosphatase 1-binding protein, named spinophilin (Allen et al., 1997).
Afadin has also two isoforms: l-and s-afadins. sAfadin is abundantly expressed in neural tissue whereas l-afadin is ubiquitously expressed. l-afadin has one PDZ domain at the middle region, three proline-rich domains at the region following the PDZ domain, and one-Factin-binding domain at the C-terminal region. sAfadin is the splicing variant of l-afadin having one PDZ domain but lacking the third proline-rich domain and the F-actin-binding domain. s-Afadin is the protein encoded by the AF-6 gene, which is originally found to be fused to the ALL-1 gene (Prasad et al., 1993) , known to be involved in acute leukemia (Cimino et al., 1991) . lafadin binds along the sides of F-actin but hardly shows F-actin-crosslinking activity. Immuno¯uorescence and immunoelectron microscopic studies indicate that lafadin is localized at ZA in small intestine absorptive epithelial cells and at cadherin-based cell ± cell AJ in non-epithelial cells, such as intercalated disc in cardiac muscle cells.
In contrast to our results, another group has reported that the AF-6 protein (s-afadin) binds to Factin, is present in MDCK cells and is localized at ZO by interacting with ZO-1 in MDCK cells (Yamamoto et al., 1997) . We ®rst examined here which afadin is expressed in MDCK cells and then where the expressed protein is localized in this cell line. We furthermore examined the behavior of l-afadin and neurabin-II in comparison with that of ZO-1 and E-cadherin during the formation and destruction of cell ± cell AJ.
Results

Presence of l-Afadin in MDCK cells
We ®rst examined which splicing variant of afadin was expressed in MDCK cells. For this purpose, we used two types of antibodies (Abs): one speci®cally recognizes l-afadin and the other recognizes both land s-afadins. There is no Ab which speci®cally recognizes s-afadin, because s-afadin is a splicing variant of l-afadin which lacks the third proline-rich domain and the F-actin-binding domain of l-afadin . When the Ab recognizing both land s-afadins was used, two immunoreactive bands corresponding to l-and s-afadins were detected in rat brain, whereas one major band corresponding to lafadin and one minor band corresponding to s-afadin were detected in MDCK cells (Figure 1a ). When the Ab speci®cally recognizing l-afadin was used, only one band corresponding to l-afadin was detected in both rat brain and MDCK cells (Figure 1b) . These results indicate that l-afadin is mainly expressed in MDCK cells, consistently with our earlier observation that safadin is abundantly expressed in neural tissue .
Localization of l-Afadin and Neurabin-II at cell ± cell AJ in MDCK cells
We next examined the localization site of l-afadin in MDCK cells cultured on a ®lter, because these cells became more polarized than those cultured on a dish. Immuno¯uorescence microscopy of MDCK cells cultured on a ®lter showed that l-afadin was localized at the junctional complex region (Figure 2A ). When the localization of l-afadin was compared with that of E-cadherin, l-afadin was more highly concentrated there than E-cadherin (Figure 2Aa ). When the localization of l-afadin was compared with that of ZO-1, it was localized at the more basal side than ZO-1 (Figure 2Ab) . Similarly, neurabin-II was also more highly concentrated at the junctional complex region than E-cadherin and localized at the more basal side than ZO-1 (Figure 2Ba and Bb).
However, electron microscopic analysis indicated that ZA and ZO were not well separated from each other in cultured MDCK cells, in contrast to these structures in intestine absorptive epithelial cells where they were well separated (data not shown). Actually, immunoelectron microscopic analysis indicated that lafadin and ZO-1 were observed at both ZA and ZO areas at various degrees depending on each MDCK cell (data not shown). Thus, it was practically dicult to conclude whether l-afadin or neurabin-II was localized at ZA or ZO in cultured MDCK cells. We concluded, therefore, that both l-afadin and neurabin-II were localized at cell ± cell AJ in MDCK cells.
Rac-regulated accumulation of l-Afadin and Neurabin-II, but not ZO-1, at cell ± cell AJ We have previously shown that E-cadherin, b-catenin, neurabin-II and F-actin densely accumulate at cell ± cell AJ in MDCK cells expressing a dominant active mutant of Rac1 (V12Rac1, Rac1DA), whereas they less densely accumulate in MDCK cells expressing a dominant negative mutant of Rac1 (N17Rac1, Rac1DN), in comparison with those in wild-type MDCK cells (Takaishi et al., 1997; Satoh et al., 1998) . We next examined whether the accumulation of l-afadin and ZO-1 were aected by Rac activity. In MDCK cells expressing Rac1DA, l-afadin as well as E- cadherin densely accumulated at cell ± cell AJ, whereas they less densely accumulated there in MDCK cells expressing Rac1DN, in comparison with those in wildtype MDCK cells ( Figure 3 ). Western blot analysis indicated that the protein level of l-afadin in MDCK cells expressing Rac1DA or Rac1DN was similar to that in wild-type cells (data not shown). We con®rmed that the accumulation of neurabin-II, but not ZO-1, was aected by Rac activity as described (Takaishi et al., 1997; Satoh et al., 1998 ) (data not shown). These results suggest that there are at least two groups of proteins in cell ± cell AJ in MDCK cells: one group, including E-cadherin, b-catenin, neurabin-II, and lafadin, is sensitive to Rac activity; and the other group, including ZO-1, is insensitive to Rac activity.
Dierent responses of l-Afadin and ZO-1 to Ca 2+ switch from normal to low concentrations from those of E-Cadherin and Neurabin-II It has been shown that when Ca 2+ concentration in the culture medium is switched from 2 mM to 2 mM, the cells gradually detach from each other (Kartenbeck et al., 1991) . E-Cadherin is internalized in the endocytotic vesicles, and is hardly detected after more than 1 h of culture at 2 mM Ca 2+ (Kartenbeck et al., 1991) . We con®rmed this observation for E-cadherin (Figure 4Ab, Bb and Cb) . Under the same conditions, neurabin-II as well as E-cadherin was hardly detected (Figure 4Aa ), but l-afadin and ZO-1 formed ring-like structures at the cell surface and stayed there at least for 4 h ( Figure  4Ba and Ca).
Dierent responses of l-Afadin and ZO-1 to phorbol ester from those of E-Cadherin and Neurabin-II It has been shown that when MDCK cells cultured at 2 mM Ca 2+ for 2 h is incubated with a phorbol ester, phorbol 12-myristate 13-acetate (PMA), a ZO-like structure is observed, and ZO-1, but not E-cadherin or b-catenin, accumulates there (Balda et al., 1993) . We con®rmed this observation for ZO-1 (Figure 5Aa ) and E-cadherin (Figure 5Ab, Bb and Cb) . Under the same conditions, l-afadin accumulated at cell ± cell adhesion sites (Figure 5Ba ), but neurabin-II did not apparently accumulate (Figure 5Ca ). We examined the localization sites of l-afadin, ZO-1, neurabin-II and E-cadherin in non-epithelial cells. We have previously shown that l-afadin is colocalized with ZO-1 at cadherin-based cell ± cell AJ in cultured EL cells . EL cells expressing E-cadherin has been cloned from L cells lacking cadherin by transfection with the cDNA of cadherin (Nagafuchi et al., 1987) . We ®rst con®rmed these observations for ZO-1, l-afadin, and E-cadherin ( Figure 6A and B) . Under the same conditions, neurabin-II was also colocalized with E-cadherin at cell ± cell AJ ( Figure 6C ). We next examined the localization sites of these proteins in cultured L cells which do not form cell ± cell AJ. ZO-1 was mainly localized at the tip area of cell processes, but neurabin-II did not apparently accumulate ( Figure 7A and B). In contrast, l-afadin was mainly localized at cell ± cell contact sites ( Figure 7C ). Western blot analyses showed that the protein level of l-afadin in Lcells was similar to that in EL cells, but that the protein levels of both neurabin-II and ZO-1 in L cells were less than those in EL cells (Figure 8 ).
Inability of l-Afadin and Neurabin-II to directly bind to the known components of ZA and ZO
In the last set of experiments, we examined the in vitro direct binding of l-afadin and neurabin-II to the known components of ZA and ZO by anity chromatography. No maltose-binding protein (MBP)-fusion protein of the N-terminal, middle or C-terminal fragment of l-afadin bound to a glutathione Stransferase (GST)-fusion protein of the N-terminal fragment of ZO-1 immobilized on glutathione-Sepharose (data not shown), in contrast to the result reported by Yamamoto et al. (1997) . No MBP fusion protein of l-afadin bound to a GST-fusion protein of the cytoplasmic region of occludin (data not shown). Under the comparable conditions, no MBP-fusion protein bound to any GST-fusion protein of a-, bcatenin, the cytoplasmic region of E-cadherin, or the C-terminal fragment of ZO-1 immobilized on glutathione-Sepharose (data not shown). A His6-thioredoxin-fusion protein of neurabin-II did not bind to any GST-fusion protein of a-, b-catenin, E-cadherin, ZO-1, or occludin (data not shown). These results indicate that neither l-afadin nor neurabin-II binds to the known components of cell ± cell AJ.
Discussion
It has been shown that the AF-6 protein (s-afadin) is expressed in MDCK cells (Yamamoto et al., 1997) , but we have shown here that l-afadin is mainly expressed in this cell type. This inconsistency is just due to the fact that when Yamamoto et al. (1997) reported the paper, l-afadin was not found and that they used an Ab against the AF-6 protein (s-afadin) which might recognize l-afadin. Yamamoto et al. (1997) have moreover shown that the AF-6 protein (s-afadin) is localized at ZO. However, it is practically dicult to conclude whether a certain protein is localized at ZA or ZO in cultured MDCK cells, because these two structures are not well separated in MDCK cells, in contrast to those in intestine absorptive epithelial cells where they are well separated. We have, therefore, concluded here that l-afadin and neurabin-II are localized at cell ± cell AJ in MDCK cells. We have shown here that l-afadin and neurabin-II show similar and dierent behavior in response to Rac activity, Ca 2+ concentrations in the medium and PMA in MDCK cells, although both the proteins are localized at cell ± cell AJ: the accumulation of both the proteins is similarly aected by Rac activity; switch of normal Ca 2+ concentration to a low concentration causes dierent localization between l-afadin and neurabin-II; and PMA also causes dierent localization between them. Moreover, l-afadin and neurabin-II show dierent localization in cultured L cells although they are colocalized with E-cadherin at cell ± cell AJ in cultured EL cells. These results suggest that the mechanisms, by which l-afadin and neurabin-II are localized at cell ± cell AJ, are dierent.
We have shown that neurabin-II and E-cadherin are colocalized at cell ± cell AJ in EL cells. This result, together with our previous result (Satoh et al., 1998) , indicate that neurabin-II is localized at cadherin-based cell ± cell AJ both in epithelial and non-epithelial cells. In addition to their localization, neurabin-II and Ecadherin show the similar behavior in response to Rac activity, Ca 2+ concentrations and PMA. We have previously shown that the accumulation of b-catenin as well as E-cadherin is aected by Rac activity (Takaishi et al., 1997) . It has also been shown that gcatenin as well as E-cadherin is not detected at the cell surface when cells are cultured at a low Ca 2+ concentration (Kartenbeck et al., 1991) . In cultured L cells, it has been shown that the protein levels of a-and b-catenins are remarkably reduced in comparison with those in EL cells (Papko, 1997) . Thus, the behavior of neurabin-II is apparently similar to those of catenins and E-cadherin. It is likely that neurabin-II is localized at cell ± cell AJ in a cadherin-catenin system-dependent manner. However, neurabin-II does not directly bind to a-, b-catenin, or the cytoplasmic region of Ecadherin. Neurabin-II may interact with an unidenti®ed component(s) of cadherin-based cell ± cell AJ.
The behavior of l-afadin in response to Rac activity is similar to those of E-cadherin and neurabin-II, but not to that of ZO-1. However, l-afadin and E-cadherin showed dierent behavior in response to Ca 2+ concentrations and PMA in MDCK cells. Conversely, these properties of l-afadin are similar to those of ZO-1. ZO-1 is localized at cadherin-based cell ± cell AJ in non-epithelial cells including cardiac muscle cells and Figure 4 Localization of l-afadin, neurabin-II, ZO-1 and E-cadherin in MDCK cells cultured at a low Ca 2+ concentration. MDCK cells were cultured at 2 mM Ca 2+ for 2 h and then doubly stained with the mouse anti-neurabin-II and rat anti-E-cadherin Abs, with the mouse anti-l-afadin and rat anti-E-cadherin Abs, or with the mouse anti-ZO-1 and rat anti-E-cadherin Abs. They were visualized with rhodamine-conjugated anti-mouse IgG and FITC-conjugated anti-rat IgG Abs. (A), double staining of neurabin-II and E-cadherin: (a), neurabin-II; and (b), E-cadherin. (B), double staining of l-afadin and E-cadherin: (a), l-afadin; and (b), Ecadherin. (C), double staining of ZO-1 and E-cadherin: (a), ZO-1; and (b), E-cadherin. Bars, 10 mm cultured ®broblasts (Itoh et al., 1991 . It has recently been shown in non-epithelial cells that ZO-1 is speci®cally immunoprecipitated with the E-cadherincatenin complex and that ZO-1 directly binds to acatenin and F-actin . On the basis of these observations, it has been concluded that ZO-1 is involved in cell ± cell adhesion in a cadherin-dependent manner in non-epithelial cells. In contrast, we have shown here that l-afadin does not directly bind to a-, bcatenin, E-cadherin, ZO-1 or occludin. Yamamoto et al. (1997) have shown that the AF-6 protein (s-afadin) binds to ZO-1 and occludin, but have not shown the stoichiometries of these bindings. However, we have found that the stoichiometries of l-afadin to ZO-1 and occludin are negligible. It is likely that l-afadin has a potency to be localized at cell ± cell AJ in a cadherinindependent manner in both epithelial and nonepithelial cells. Further studies are necessary to understand the mechanism for the localization of lafadin at cell ± cell AJ.
Materials and methods
Materials and chemicals
A mouse monoclonal anti-l-afadin Ab, which speci®cally recognized l-afadin, was raised against a 16-mer synthetic peptide (corresponding to aa 1814 ± 1829; KASRKLTELE-NELNTK) coupled via cysteine at the N-terminal residue to keyhole limpet hemocyanin. A mouse monoclonal antineurabin-II Ab was prepared as described (Satoh et al., 1998) . A mouse monoclonal anti-ZO-1 Ab (Itoh et al., 1991) was kindly supplied by Drs Sh Tsukita and M Itoh (Kyoto University, Kyoto, Japan). A rat monoclonal anti-ZO-1 Ab was obtained from Chemicon International, Inc. (Temecula, USA). A mouse monoclonal anti-1-and s-afadin Ab, which recognized both l-and s-afadins, was purchased from Transduction Laboratories (Lexington, USA). A rat monoclonal anti-E-cadherin Ab (ECCD2) was purchased from Takara Schuzo, Inc. (Shiga, Japan). Secondary Abs for immuno¯uorescence microscopy were obtained from Chemicon International, Inc. (Temecula, USA).
GST-fusion vectors, containing a-, b-catenins, the cytoplasmic region of E-cadherin (corresponding to aa 734 ± 884), the N-terminal (corresponding to aa 1 ± 862) and C-terminal (corresponding to aa 863 ± 1745) fragments of ZO-1, and the cytoplasmic region of occludin (corresponding to aa 358 ± 504) , were kindly supplied by Drs Sh Tsukita and M Itoh. MBP-fusion vectors, containing the N-terminal (corresponding to aa 1 ± 708), middle (corresponding to aa 622 ± 1516) and C-terminal (corresponding to aa 1492 ± 1829) fragments of l-afadin, were constructed in pMa1-C2 (New England Biolabs Inc. Beverly, MA, USA). A His6-thioredoxin-fusion construct containing full-length neurabin-II was constructed in pET-32a(+) (Novagen Inc., Madison, WI, USA). The GST-fusion, MBP-fusion, and His6-thioredoxin-fusion proteins were puri®ed by use of glutathione-Sepharose (Amersham-Pharmacia), amylose resin 
Cell culture
MDCK cells were kindly supplied by Dr W Birchmeier (Max-Delbruck-Center for Molecular Medicine, Berlin, Germany). EL cells and L cells were kindly supplied by Drs Sh Tsukita and A Nagafuchi (Kyoto University, Kyoto, Japan). These cells were maintained in DMEM (Dulbecco's modi®ed Eagle's medium) containing 10% fetal calf serum. Ca 2+ switch experiments using MDCK cells were done as described (Kartenbeck et al., 1991) . Brie¯y, MDCK cells were washed with PBS and cultured in DMEM without serum for 1 h. The cells were then transferred to DMEM with 5 mM EGTA and cultured Figure 7 Localization of l-afadin, neurabin-II and ZO-1 in cultured L cells. L cells were stained with the mouse anti-ZO-1 Ab, with the mouse anti-neurabin-II Ab, or with the mouse anti-l-afadin Ab. They were visualized with a rhodamine-conjugated anti-mouse IgG Ab. There was nuclear staining with the anti-l-afadin Ab, but its signi®cance is not clear. (a), ZO-1; (b), neurabin-II; and (c), lafadin. Bars, 10 mm Figure 6 Localization of l-afadin, neurabin-II, ZO-1, and E-cadherin in cultured EL cells. EL cells were doubly stained with the mouse anti-ZO-1 and rat anti-E-cadherin Abs, with the mouse anti-l-afadin and rat anti-E-cadherin Abs, or with the mouse antineurabin-II and rat anti-E-cadherin Abs. They were visualized with rhodamine-conjugated anti-mouse IgG and FITC-conjugated anti-rat IgG Abs. There was nuclear staining with the anti-l-afadin Ab, but its signi®cance is not clear. (A), double staining of ZO-1 and E-cadherin: (a), and (b) , E-cadherin. (B), double staining of l-afadin and E-cadherin: (a), l-afadin; and (b), E-cadherin. (c), double staining of neurabin-II and E-cadherin: (a), neurabin-II; and (b), E-cadherin. Bars, 10 mm for an indicated time of period. After the culture, 100 nM PMA was added to the medium and the cells were then cultured for 1 h, followed by immuno¯uorescence microscopy.
Immuno¯uorescence microscopy
Immuno¯uorescence microscopy was done as described Satoh et al., 1998) . Brie¯y, MDCK cells were cultured on a dish (Corning, New York, USA) and ®xed with 1% formaldehyde in PBS at room temperature for 15 min or with 100% methanol at 7208C for 15 min. Where indicated, the cells were cultured on a polycarbonate ®lter (Corning Coster Co., Cambridge, USA). The ®xed sample was treated with 0.2% Triton X-100 in PBS for 15 min and washed with PBS three times. After the sample was soaked with PBS containing 1% BSA, the sample was incubated with a mixture of the anti-l-afadin, anti-neurabin-II, anti-ZO-1, and anti-E-cadherin Abs in various combinations and washed with PBS, followed by incubation with the secondary Abs. After the incubation, the sample was washed with PBS, embedded in PBS containing 50% glycerol, and analysed by a LSM 410 confocal laser scanning microscope (Carl Zeiss, Oberkochen, Germany).
Anity chromatography
The GST-fusion proteins of a-and b-catenins, the cytoplasmic region of E-cadherin, the N-terminal and Cterminal fragments of ZO-1, and the cytoplasmic region of occludin were separately immobilized on glutathioneSepharose beads. The MBP-fusion proteins of the Nterminal, middle, C-terminal fragments of l-afadin (100 mg of protein each) were separately applied to each anity column equilibrated with Buer A (20 mM Tris-Cl at pH 7.5, 0.5 mM EDTA, and 150 mM NaCl). After each column was extensively washed with Buer A, elution was performed with Buer A containing 10 mM glutathione, followed by an SDS sample buer (160 mM Tris-Cl at pH 6.7, 3% SDS, 2% (v/v) 2-mercaptoethanol and 5% glycerol). The His6-thioredoxin-fusion protein of neurabin-II (100 mg of protein) was applied to each anity column equilibrated with Buer A containing 0.05% Triton X-100. After each column was extensively washed with Buer A containing 0.05% Triton X-100, elution was performed with Buer A containing 10 mM glutathione, followed by the SDS sample buer. Each fraction was subjected to SDS ± PAGE (10% polyacrylamide gel), followed by protein staining with Coomassie brilliant blue.
Other procedures SDS ± PAGE was performed as described (Laemmli, 1970) . Protein concentrations were determined with bovine serum albumin as a reference protein (Bradford, 1976) .
